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SOILAHCROSTRUCTURE IN SOILS OF THE COLORADO PLATEAU:
THE ROLE OF TIHE CYANOBACTERIUM MICROCOLEUS VAGINATUS

9
Javne Iivlnapl and John S Gardner™
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e role of the cvanohacterium Microcoleus vaginatus in cold-desert soil erusts is investigated using

scavmnz clectron nieroscopy. Crosts from sandstone-. limestone- and gvpsun-derived soils are examined. When dry,

polvsaccehande sheath material from this cvanobacteriun can be seen winding through and across all three types of soil
airhices attaching to and binding soil particles together. When wet. sheaths and living filaments can be seen absorbing
water swellne and covering soil surfaces even more etensivel: Addition ol negatively charged material, found both as
sheath materal and attached clay particles. may aflect cation exchange capacity ol these soils as well. As a result of these
bservations, we propose that the presence of this exanobacterinm may significantly enbance soil stability, moisture

rotention and fertility of cold-descert soils.

Koy icords Microcolens vaginatus. cyanobacteria. cryptobiotic crusts, cryptogamic crusts. soil. soil microstructure.

ft has long been reported that evanobacterial
soil ersts enhance soil stability CAnderson, Har-
perand Hohngren 19520 Anderson, Haper.
and Bnshitorth 1992, Fleteher and Martin 1948,

arper and NEuble 19SS, Kleiner and Harper

19721977, Loope and Gifford 1972). Anantani
and Marathe (19740, Anderson and Rushforth
19760, Campbell 11979), and Shields and Die-
rell 1960 all sngaest that a network of evano-
hacterial filaments binds soil particles t()g;‘t]'lt’ll
innnobilizing them and tmis enhaneing soil sta-
bility against both wind and water erosion. 1t has
also been shown that these ernsts enhance mois-
ture and nutrient retention in sandy soils ( Brock
1973, Brotherson and Rushforth 1983, Canmp-
bell 1979, Harperand Belnap impublished data,
Shiclds and Durrell 1964,
On the Colorado Platewnr. a biogeographical
provinee that mclides southwestern and east-
e Utale northern Arizona. westem Colorado
md northwestern New Mevico. cvanobacterial-

lichen soil erusts often provide up to 70% of the
living cover (Belnap 1990a). In these areas the
evanobactevinm Microcoleus vaginatus (Vauch.)
Gom. is the major constituent (Anderson and
Rushlorth 1976, Campbell et al. 1959), often
representing up to 95% of the biomass of the soil
in interspaces between vasenlar plants (Belap
personal observation). This is true for all sub-
strates examined in this biogeograpliical prov-
ince, including soils derived from sundstone.
avpsiin, limestone, and shale parent material.
althongh the degree of development of the cv-
anobacterial-lichen erust may vary among sub-
strates.

Since Microcolens is so prevalent in these
soil systems. this studv examines the influence
of this species on the structure and function of
soil ernsts onvarious soil tvpes. In particular, the
possible contribution of this organisin to stahil-
itv of arid Land soils is examined.

cinatues i sandy soils: 1onote the Targe estracellular sheath surrounding the
acmatus hlaments note the cell walls along cach filament [bar = 5um]); 3.
tertal seercted along exposed filunent mote partially exposcd filament [bar =

alated in a polvsaccharide material tarrow indicates encapsulated filument

artron andicates cavity | bar

0

Spml - 6osheaths may contain niany cavities
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MATERIALS AND METHODS

Cyanobacterial soil crmsts were collected
from three different substrate tvpes on the
Colorado Plateau in earh fall. Crusts fron sand-
stone- and ayvpsum-derived soils were collected
from Arches National Park in southeastern Utaly
near Moab. Crusts from limestone-derived soils
were collected from Brce Canvon National
Park in southwestern Utah near Panguitch. All
crusts were transported to the lah. where thev
were plé‘l)dle(l for observation using scanning
electron microscopy (SENM. Tvo types of
preparation were nsed: samples were either di-
recth gold-coated and examined with a JEOL
SH0A scanning electron microscope or were
prepared by freeze-substitution (Tchikawa et al.
1959), Gold~(o‘1ted, and then examined with
SEML

The presence of chlorophvll @ was nsed to
estimate the depth and distribution of living
cvanobacteria and green algae in the cmsts
formd on the sandyv and mpﬁlfemux soils from
Arches National Park. Two-centimeter ~deep
cores of the crust were cut in 2-mm segments.
beginning at the soil surface. Ch]()]()ph\l] a was
extracted from samples with dimethvt sulfoxide
(DAISO). The DMSO extraction sdmples were
centrifuged and spectrally analyvzed on a diode
array spectrophotomete1' \Beinap 1990b ' at 665
nm to obtain relative values for the amount of
chlorophnl @ present.

RESULTS AND DISCUSSION

Microcoleus vaginatus and M. caginatus-
dominated crusts from sandstone-derived soils
are shown in Figures 1-13. A large and distinct
polvsaccharide sheath surrounds groups of liv-
ing filaments of M. vavinatus (Fig. 1. Close
examination shows cellular divisions in the Cv-
anobacterial filaments (Fie. 2). When wet. the
polvsaccharide sheaths swell and the filuments
within are mechanicallv extruded from the
sheath and through or across the soil surface. As
the surface dries. the filaments retract some-
what into the sheath. Exposed portions of the
filaments then secrete additional polvsaceha-
ride material (Fig. 3). When dn: the cvanobac-

Figs. 7-9. facing page . Microcolens vazinatus in sandy soi
rarrow indicates two discrete lavers of polsaccharides har
note single sheath holding asand grain aloft har = 100um

are wound around and among the sand grains bar - 100pm

EUS IN DESERT SOILS 43
terial filiments are unn])]( tel encased in the
polvsaccharide sheaths Fig. 4. The interior of
the sheath ol M. caginatus miay contain from
one Fig. 5 to man cavitiest Fig. 6. The sheatl,
itself can be formed Iy more than one seeretion
event | Fig.

The strength of this sheath material can be
seenin Figure Sowhere asingle strand of sheath
material holds a sand arain aloft above the sup-
porting surface. The binding etfect of these
cvanobacterial sheaths on sandy soil sifaces is
ilustrated in Fignre 9. Sheaths of M. caginatns
wind among the sand particles. conmecting indi-
vidual grains, much like fibers in fiberglass. Al
though the sheath material is dnv it can be seen
still firmhy adhering to the soil particles. Secure
and extensive connections to the sand grains In
the sheath material are shown in Fiaures 10 and
11. _\Iultiple sheaths can often be seen attached
to the same sand grain. as shown in Fignre 10.
In Figure 11 the intimate association betwecen
sand grain and pohsaccharide material can be
Seell.

When wet. the polvsaccharide sheath mate-

rial swells and covers the soil strface even more
extensively than when dn. Sheath material can
absorb up to eight times its weight in water
almost instantaneoushy: thns_ it absorbs precipi-
tation qmd\l\ and increases the waterholdine
capacity of sandv soils  Brock 1975, Cameron
and Blank 1966. Caunpbell 19791959 . Sheaths
and filaments become swollen and round. form-
ing a net over the surtace of the sand Fig 12
Evenwhen swollen. however. there is still space
for rainwater and vasceular p];lnt roots to pene-
trate into the soil between sheaths.

The presence of cvanobacterial soil enists
has been demonstrated to increase the a ailabil-
itv of many nutrients in <. mdy soils. Levels of N
P K. Fe. Ca. and Me were higher in the annnal
grass Festuca octoflora growing on crusted sorls
than in plants growing on comparable non-
crusted soils Belnap and Harper mpublished”.
Essential nutrient concentrations were also
shown to be higher in the tissue of the biennial
plant Lepidiunmontaren groningon sotls eon-
ered v evanobacterial-rich crusts than on
paired ])]nt\ where the surface 1.0 em of crust
had been stripped from: aromd the plants three

i

o Tosheaths may be ereated by more than one seeretion event

T

S sheath materal POSSeSSes 4 Tredl deal of strength
-9 eath miaterial hinds sand zrams together  note the sheaths
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Figs. 16-17. Microcoleus vaginatus in gypsiferous soils: 16, sheaths in aypsiferons soils can he made o hoth organic and
inorganic material (bar = 10pm); 17, sheaths in gypsiferons soils are often coated with @psim crvstals note the apsun

crvstals on the sheath surface [bar = Spm]).

months pn()] to tissue nutrient analvses (Har per
and Marble nmpnblished). One poss]])|e mecha-
nism by which the evanobacteria alters mineral
avmlllnht\ in snpp()llm(r soils is suggested in
Figure 13: clav particles can be seen ])mm(] to,
aml incorpor ated into,  the polvsaccharide
sheath material.  Consequenthy. positively
charged macronntrients hound to these nega-
tively charged clay particles and to the nega-
tiv el\ ¢ lmrcred sheath material wonld be held in
the npper sol] horizons and in a form readily
available to vasenlar plants. instead of l)(m(r
leached away by percolation water or honnd in
a chiemically mavaitable form.

Figs. 10-15 (facing page).
connection between the sheath and grain surfaces [bars

be incorporated into sheath material (har = 10

small particles adhere to the sheath material dhar = 10pm

than that in coarse-grained soils (note smooth material at the

inorganic material [bar = 10pm]).

Microcoleus vaginatus: 10, 11 sheaths adbiere finmh
- 10pn
soil surface (note the mass ol entangled sheaths covering the sand grains hars
L4, in fine-texture

Chlorophvll a distribution in the soil shows
that cvanobacterial cells are probabh concen-
trated in the top 4 mm of sandy soils. but some
chlorophyvlla is formd as deepas Tem. Measure-
ments of the bunipy surface topogr: iphy ol in
disturbed ernsts show that few himnps are
areater than' S mm across. Analvsis shows that
cvanobacterial Hilaments vamify  thronghont
snch surface irreanlaritios. The volume  of
cvanobacterial filanents per unit soil sirface
coverage is thus inereased greatly i areas wher
nn(mt()p()a:la[)]l) of the soil surface isven com
plex.

to sand grain surtaces
12 when wet. sheaths and 1 S\ h
100, |
dsoils suchas thi
13, sheath surface texture i fine-t ¢haailsis mach sther
hase ol the sheath. whic L PP ars similar to the surrounding



anels atlecrs the coliesion

anobacteral ermsts, since the
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{4 (O QAR
tore brttlew hendm and casiby ernshed
Camphelletal 1989 Tharper: and Narble TOSS.
Kicner 1952 0 Visnal examination of nnelis-
Farhe tl soil crsts on \.null\ soils of the Colorado
Platcean shows evanobacterial sheath material

cenring as deepas 10 ¢m helow the sarface of

the sorl. Heavily trampled areas support onh «
thin vencer ol cvanobacterial sheaths 1 Be Ilml)
nnpnblished datan. Since no chlorophyll @ is
l\nm(l Below 1 en sheath material below that
depthimnst represent renniants ol ecvanobacte-
vial crists once formd near or at the soil surface
and Later Biied by sedinments. Though no
longer associated with living filaments. snch
sheath material is still capable of binding soil
particles together and still inereases nutrient
and moistire retention of associated soil, How-
ever, any damage to snch abandoned sheath
material is non- -repairable. since living evano-
hacteria are apparently no longer pre sent at
these depths to regenerate likunent and sheath
materials. \saconsequence. trampling may not
only reduee soil stability. ot soil fertility and soil
nmoisture retention as well.

In linertestured soils the sheaths of M vagi-
nates assime a different appearance. In snch
sotls Tme particles adhere to the ontside of most
sheaths. as curbe seen in sheaths from a lime-
stone-derived soil < Fig. 1. Also. the sheath
surlace appears nnch smoother in these lime-
stone-derived soils ' Fig, 15 and is mneh harder

tothe tonel I nen be that watersoluble matter

1 these sarls goes into sohttion when the soil is
thoronghly wetted by rain. Such periods woutld
do comerde with the time o masinum aclivits
o the oy uln]vl( terice. Under sueh conditions.
crchon ol polvsaccharide materal conld be
vl ot wath the soil particles and ma-

v olition and. upon dning, form

p ut orzanicand part inorganic,
caplucallistration of evano-

ve both oreanic and inor-

by the sheaths ol M
forons soils Fies, 160 17
(€% il vater than car
t I pearstodissolvew hien
m The srlace of

kg il ol the e
: the evano
INTR IR S I |8 .‘_L‘\L SO
gine 1601 she h s
overe dbag ttctally
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1o miswith solnbilized soil materials mav render
sheaths less yulnerable to physical ])16‘11\(1"6

In combination these SEM nn(mdll\phs
demonstrate that - evanobacterial - soil - crusts
strongly alter the microstructiure of soils in cold-
desert ecosystems. The interwoven filaments of
M. u/ffum{us and other filamentons evanobac-
teria un(l()nl)to(ll} enhance soil surface stability
in such environments. When undisturbed for
long periods. evanobacterial sheaths may be
found at de pths as great as 10 em helow the
sirface of sundyv soil T]msv as acolian and water-
borne materials are trapped in the polysaccha-
ride sheaths of M raginatus and  other
evanobacteria growing on the surface of desert
soils. these shmths are graduatly buried. but
their ameliorating mﬂuen(es on water holding
capacity; cation e\clmn"(‘ capacity, and soil sta-
bilitv may extend far ])C]()\\ the de pth to which
light can penetrate.
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